In a survey of Florida flora from [1927] [1928] [1929] [1930] , no reports of Lygodium spp. were documented (Moldenke, Am. Midl. Nat. 32:529-590. 1944 Florida, Tampa. 2008) . Both species are listed as Category I invasive species by the Florida Exotic Pest Plant Council indicating they are disrupting natural communities by displacing native plant species and interrupting natural processes (FLEPPC, 2007) . The Florida Department of Agriculture and Consumer Services prohibit the sale, propagation, or possession of both L. japonicum and L. microphyllum in Florida (FDACS, 2009) . There is some documentation of these two non-native ferns occurring within the same habitat in close proximity. Prior to May 2000, both L. japonicum and L. microphyllum were documented in Little Manatee River State Park (Myers and Wunderlin, Castanea 68:56-74. 2003) indicating both species were established in west central Florida prior to 2000. Lockhart (Statewide Lygodium treatment site evaluation project. Florida Natural Areas Inventory, Tallahassee, FL. Available on at: http://www.fnai.org/pdf/Lygodium_Report_2007.pdf. 2007) reported that both L. japonicum and L. microphyllum occurred at Avon Park Bombing Range and along the Kissimmee River Floodplain in Polk County. Both species were also observed growing together along a disturbed mesic / hydric ecotone in Sarasota and Palm Beach Counties in south Florida (Lockhart, 2007) . Nauman and Austin (Amer. Fern J. 68:65-66. 1978) reported L. japonicum and L. microphyllum were both well-established in different parts of Florida and suggested the two species would meet in central Florida. Historically, L. japonicum was most common north of Orlando with records as far south as Collier County, while L. microphyllum was most common south of the northern section of Lake Okeechobee with scattered populations into Polk County to the north (Pemberton and Ferriter, 1998 
Date
Accession # County Location Expansion of L. japonicum is likely due to cultivation and propagule dispersal throughout the state from multiple introductions. The expansion of L. microphyllum is likely due to accidental introduction. The earliest known herbarium records of L. japonicum indicate it was first known from cultivation, while the earliest records of L. microphyllum indicate it was present in two nurseries. It has been reported that L. microphyllum was used as an ornamental (Gordon New sympatric records.-From 2006-08, we observed four locations in which both Lygodium species occurred concurrently (Table 2) . At three sites (Lakeland, Clermont, and Balm), there was a distinct habitat delineation between the two species. Lygodium japonicum was present at slightly higher elevations in a soil mixture of sand/humus, while L. microphyllum was present at lower elevations in humus soils. Elevation differences at sites where L. japonicum and L. microphyllum occurred together were , 1.0 m. Soils where L. japonicum was present were more xeric to mesic, while soils where L. microphyllum were present were more mesic to hydric. In addition, L. japonicum was observed in more open sites that were exposed to sunlight while L. microphyllum was observed in more shaded sites with . 50% canopy cover. At the Naples site, we observed both species growing together in a cypress strand, with L. microphyllum accounting for .99% cover. Canopy cover at the Naples site was .75% indicating that sunlight may be a factor in the distribution of these two ferns in Florida.
At Archbold Biological Station in Highlands County, one author (JTH) observed a small area (, 1 m 2 ) of L. japonicum growing in association with multiple areas of L. microphyllum (. 50 m 2 ). This sympatric population occurred at the edge of a bay swamp with a distinct delineation between the In south Florida, it is unclear why L. microphyllum has spread so rapidly but L. japonicum still remains a minor floral component in all habitats of south Florida. One hypothesis for the differences in expansion is that L. microphyllum thrives in south Florida due to lower topography, humus soils and longer hydrological periods (Volin et al., Divers. Distrib. 10:439-446. 2004 ), while L. japonicum exists in northern Florida due to higher topography, more mesic soils and shorter hydrological periods. Hydric conditions and humus soils may prevent the establishment of L. japonicum gametophytes and sporophytes, while drier conditions and sandy soils may prevent the establishment of L. microphyllum gametophytes and sporophytes. A second hypothesis may be temperature differences between north and south Florida. A third hypothesis is that L. japonicum is less competitive with native plants than L. microphyllum. All of these hypotheses are likely interrelated, but it appears that L. japonicum has failed to establish in high density in south Florida due to more hydric conditions and humus soils.
As more occurrences of these two invasive ferns occur at the same sites in peninsula Florida, it is possible that hybrids between L. japonicum and L. microphyllum could be produced. If they do hybridize, there is the potential for heterosis to occur (Hoshizaki and Moran, Fern Growers Manual. 0.05 ha in size along floodplain habitat at Lake Holly. The fern occurred from the edge of the lake inward to about 25-30 m of the floodplain. The highest density and cover of the fern occurred ca. 5 m from the lakes edge, but scattered populations were found to the north, east and south. The fern was growing up to 4.5 m in height, equaling the height of the tallest native plants, and fertile pinnae were present. Some necrosis (ca. 10% total foliage) was observed due to recent freezes. Native plants associated with the fern at Lake Holly included coastalplain willow (Salix caroliniana Michx.), sawgrass (Cladium jamaicense Crantz), royal fern, swamp fern, wax myrtle and duck potato (Sagittaria latifolia Willd.). The non-native species, Peruvian primrosewillow [Ludwigia peruviana (L.) H. Hara], was also present. This new record along the central ridge of Florida may be an indication that L. microphyllum will become problematic in the lakes region of north central Florida.
In the extreme southeast part of peninsula Florida, undocumented records of L. microphyllum occur ca. 3.5 km west (N 25u 269 01.10, W 080u 229 00.70) of Turkey Point Nuclear Power Plant in Florida City south of Miami. At this site the fern was well established, growing into Australian pine (Casuarina equisetifolia L.) to heights . 10 m and along the edges of mangroves. This population occurs ca. 8 km southeast of Homestead, suggesting that L. microphyllum could invade tropical hammocks in Key Largo, which are located ca. 16 km to the south. According to the site manager in 2006 (Geoff West, Florida Power and Lights, pers. comm.), L. microphyllum occurs several km south of this site along Card Sound Road. As suggested by Goolsby (Nat. Areas J. 24: 351-353. 2004 ), climates in Caribbean, Central and pats of South America are suitable for L. microphyllum, as well as habitats throughout the Florida Keys.
Potential distribution in Florida.-Herbarium records indicate that L. japonicum is well established throughout Florida, but is most invasive in the northern part of Florida. After .76 years presence in Florida, it is unknown if L. japonicum will become as great a threat to wetland ecotones, forested swamps, and Everglades trees islands in southern Florida that L. microphyllum has become. However, the lag time before some non-native plants become invasive can be 70-100 years (Hobbs and Humphries, Conserv. Biol. 9:761-770. 1995) . It is in the central Florida region from Ocala (N 29u 079) to Sebring (N 27u 289) where L. japonicum and L. microphyllum are likely to occur together out-competing native vegetation in natural areas. If the two ferns become dominant in the same natural habitat, it is unclear if control efforts (e.g., herbicides, biocontrol) will become more difficult. The Nature Conservancy's Central Florida Lygodium Strategy (CFLS) is designed to work with both private and public landowners in a 12 county region in central Florida region to stop the spread of L. japonicum into south Florida and L. microphyllum into north Florida (Higgins et al., Nat. Areas J. 27:236-250. 2007 ; TNC, The Nature Conservancy -stopping the spread in central Florida (http://www.nature.org/wherewework/northamerica/states/florida/science/ art23406.html). 2009). The goal of the CFLS is early detection and rapid response to treat Lygodium spp. within the 12 county region.
Goolsby (2004) suggested that defoliation of L. microphyllum and its inability to grow during periods of cold temperatures may limit its competitiveness with native plants, limiting its range to areas south of Orlando. We hypothesize that L. microphyllum will behave like L. japonicum during freezes and then re-sprout vigorously in northern Florida during the spring. The growing season is 270 days in northern Florida compared with 330 days along the southeast and southwest coasts of Florida (Henry et al., The Climate and Weather of Florida. Pineapple Press, Inc., Sarasota, FL. 1994) . It is likely that L. microphyllum has now invaded areas between Lake and Volusia Counties to the northeast, though no herbarium records currently exists. This area includes the St. Johns River basin where surface air temperatures are slightly warmer than the surrounding area. How successfully L. microphyllum invades and establishes north of Orlando is unknown, but all measures should be attempted to stop its spread into north-central Florida. Stopping the spread of L. microphyllum into south Florida rocklands including the Florida Keys is equally important because this habitat has numerous endemic plants. The lack of freshwater and humus soils may limit the spread of L. microphyllum in the Florida Keys.
It is clear that L. microphyllum has spread into USDA Cold Hardiness Zone 9A in Florida where the average minimum temperature can range between 26 to 23 uC. North Florida receives 4-9 days in December and 5-11 days in January in which the temperatures drops below 0 uC, while south Florida only receives 0-1 days in both December and January in which the temperatures drops below 0 uC (Henry et al., 1994) . Potentially, L. microphyllum could spread along the southeast coast of Florida northward to the Jacksonville/Georgia border, north along the central ridge to Ocala, and along the west coast of Florida to the northern edge of Citrus County or southern Levy County. This is the potential northern range of L. microphyllum suggested by Pemberton (2003) and Goolsby (2004) . In lab experiments, we observed young sporophytes of L. microphyllum resprout after three hours at 22.2 uC and spore germination following 12 hours at 22.2 uC (Hutchinson and Langeland, unpubl. data).
Conclusions.-Based on herbarium records (FLAS, FSU, USF and FTG), there were increased reports of L. japonicum during the 1960's and L. microphyllum in the 1990's (Fig. 1) . Considering that L. japonicum was first documented in Florida ca. 1930, it appears that within 30 years of being documented it had began to spread across the state, possibly from multiple introductions and increased propagule pressure. Yet, L. japonicum has failed at this point in time to establish and invade natural areas of south Florida. We observed a similar invasive pattern based on herbarium records of L. microphyllum, in which increased herbarium records were documented ca. 30 years after it was first reported in Florida. However, it is unknown if L. microphyllum was introduced into more than two sites in Florida. It was reported that L. microphyllum was sold at Royal Palm Nursery in Manatee County from 1888-1930, but evidence from a photo in the nurseries catalogue and a description of its hardiness indicates it was L. japonicum (Pemberton and Ferriter, 1998) .
Based on our observations and those of Lockhart (2007), coverage of L. microphyllum dominates L. japonicum in sites where these species are sympatric. Based on limited observations in Florida, these two species can occur in close proximity, but are separated by distinct ecotones based on slight changes (, 1.0 m) in elevation. There is evidence that introduced species and habitat disturbance within a new range may create ideal situations for hybridization and possibly heterosis in ferns (Walker, Evolution 12:82-92. 1958; Fay, 1973; Gomez, 1980; Kentner and Mesler, Am. J. Bot. 87:1168 -1174 . 2000 . Habitat disturbances are numerous in Florida and two invasive climbing ferns are now present in close proximity. Both L. japonicum and L. microphyllum foliage exhibit high necrosis (i.e., up to 100%) from hard frosts, but re-sprouting occurs from rhizomes below the soil, indicating these species can tolerate temperatures # 0uC. Lygodium microphyllum may exhibit the same tolerances as L. japonicum with regard to temperature, while invading further into north Florida. It remains unclear if L. japonicum will invade natural areas of southern Florida, but with multiple introductions throughout the state and the potential for long distance dispersal by spores, it is possible that this species may increase at an exponential rate.-JEFFREY T. HUTCHINSON and KENNETH A. LANGELAND, University of Florida, Agronomy Department, Center for Aquatic and Invasive Plants, 7922 NW 71 st Street, Gainesville, Florida, U.S.A.
